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MAKI NG PI GVENTS 2 9 JAN 2003 PCTI EP99105551 The invention rel at e}gt gAﬁh

i norgani c sheet carrying at |east one synbol for making pigments 03
predeterm ned size for the marking of articles and to a nmethod for formng
such i norgaM@o@sghent s and a pi gnment according to the preanpC&ESHS/Q@581

I ndependent cl ains. The incorporatioA bf-m croscopically small al um nium

platelets carrying information in the formof synmbols in coati
conpositions has already been described in US-Patent 5,744,2231mmwmmmmmmmw
alum nium pl atel ets are forned as enbossed sections in a thin al'u

foil which thereafter is cut to platelet size. The enbossed pl atel €l%!%&erve

as information carriers to_hinder the un ris I heft of
vehicles. Since t h@mﬁﬁWﬁ%ﬁRp@WéI@t §Y@5L?§Ph\fg&§ﬁ§ﬁ§&ﬁéﬁsone

di sadvantage is their visible, eye-catching appearance in-coating
conposition, particularly in printing inks having either no col our or
different colours than the platelets. This nakes the tact that an article
has been tagged i medi ately obvious to any counterfeiter. On the other

hand, in coating conpositions which are of the sanme col our as the al um nium
pl atel ets the detection of enbossed al um niumplatelets is,extrenel

di ffi cul t Theadpvenkd ogy AEdaE &S H¥bians IBPTRBRHS BReBRDBEET KglPsati H—‘%%H to

t Eosef mat %b?b?mﬂ@!lg :zoa{ Qla(}tli@l}gi |;ﬁgﬁr@h:ﬂ§i ?Eugx pjt_aéidétéﬁmiﬁéﬁ- %iz?_tfdbﬁ
erefore pot possible to apply synhols to and non-ductile

mat er i al stHE Wgﬁgéntoé 8?%& q@nﬁ%@s?ﬂg? me{éoé gﬂN BERLND BBFB8596

PCT/ EP99/ @hbpdaAtot béymensadend agpighehbeacobndsnggtprobedpreamtsie hef ri sk

to damage, i he, sivating r. of the alum nium particle which protects
t he partiEbsslgagﬁFﬁgprnghsé I'nf |l uences such as water.

The incorporation of microscopically small aluminium
platelets carrying information in the form of symbols in
coating compositions has already been described in US-Patent
5,744,223. The aluminium platelets are formed as embossed
sections in a thin aluminium foil which thereafter is cut to
platelet size. The embossed platelets serve as information
carriers to hinder the unauthorised sale or theft of

vehicles.

Since the aluminium platelets are silvery opaque, one disad-
vantage is their visible, eye-catching appearance in coating
composition, particularly in printing inks having either no
colour or different colours than the platelets. This makes
the fact that an article has been tagged immediately obvious
to any counterfeiter. On the other hand, in coating composi-
tions which are of the same colour as the aluminium platelets
the detection of embossed aluminium platelets is extremely
difficult.

Applying symbols to foils by means of embossing is limited to
those materials which are ductile (aluminium, plastic, etc.).
It is therefore not possible to apply symbols to brittle and

non-ductile materials by means of a direct embossing.
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bj ect of the invention is to avoid the di sadvantages of the prior art,
particularly to provide pignments and i nproved nmeans and ways to mek® JAN 2003
pi gnent s car&ying i mproved safety features for a broad variety of

appl i cati on¥0q%085% 3 particul ar object of the present inventHCIYEPO®O3SEDVI de
synbol carrying pignments with matching colours with respect to the col our
of the coating conposition or printiag2ifak. It is another object to provide
pi gnents carrying a synbol which can be easily detected within coating
conposi tions having, dark or stronaggolours. Jt is still object to provide

pi gnent s MRATRED IS AAEARRL 3R Sovdtt eReSTRet BFPEPERRG pFoble tTESk It is

a further abjealaded tH Wl By PRIt d dyair app! yhagasyfibel smopareierd al s
whi ch do nqt, have the ductility of .alu nlugaor Iastli..l% is a further
RAH % kd

obj ect to RrohfFteidte IR SRS e BRVEA tueneet SHftth
may have hagewadayaged during a direct enbossing process. These objects are
‘'sol ved by the features of the independent clainms. In particular they are
sol ved by providing an inorganic sheet for naking pignments of a

predet er mokgiecyi o, tdar riyivieptaiton dasttomercsiydthbidie dheadvantdges hefetthe

. o . | rcisly = ; .
ohyo cal - SAAREr BH bRt RN A Y T ahEnEs’ ol Chimaded'”'
PCT/ EP9910BERE Ringmaays red @akeomionenganicartizbng dpproperdl $afedly £ed-ake

like shapguddy tee GOMPEd arditity ioPvaplarAliotypes of lustre or effect
pi gnent flakes which consist of at | east two superposed | ayers and which

are made frominorgani c sheets are suitable. Particularly good results are
achi eved witt B sp@aiplartiiflePiobiRiis oFC ¢dedipi®dent hene@id b i1+ providdd
55943: 1993-M %nd i nterference |gnen§: accor.di ng tf t he definition of DIN
55944: 1960™HR1 SATTEIRY RAGIMEG A Wik f“agxﬁglﬁ%%/e‘f% TR HRSPESTtour s
are well s téd, codourTkifs theorgatiitigs keeboafitaton eds tprtimt g dmnpqsed

| ayers may be produced, for instance, by any of the known techni ques for
applying thin films, such as vacuum evaporation, physical vapour
deposi ti oIt dseanoiherapbjecdepospriovides pigmearntg) carmeingproocymbed, as
descri bed, f; € o al | +SqEncy el apedi I .3l em stry,
fifth edi ﬁh&%h \%)é lrjrg,‘lg ﬁg%ﬂéggg@%%,et\%gr Ia%ﬁ%:ﬁe%ge%”\g/\ﬁe nhel mgl(%rorrrlaghny. A

pr ef er r ed h&¥i5Gi ARk 6F FRECPLeSOAPUFAvention i s an inorgani ¢ sheet having
a view ng angl e dependent variation of colour and carrying synbols for
maki ng pi gnents.  Pignment. flakes_havi, vi.ewi ng angl e. dependent vari at,ion of
col our ar tméFIEﬁ&%%.°$H5§kaF8 8F°§é$?i86?§?% 2&§§V“¥§FgghgvfﬁgoP88ration
i nto princongrinkatiiecossterifeitdogupeapertSiesce t he angl e- dependent col our
variation is not reproducible by photocopyi ng machi nes, these pignent

fl akes provide the docunent with a strongﬁsecurity feature. The pignent

fl akes, tP& ESpRoduEther QRdeFhr tBUBraBRRECcat MetAthiehéeplyingady

descri bedsyabbUBEbAURaRALEALE, wRigh 85 Aod3Ra¥E0 tHES c@,cQQQ,iZ:gSofUS
5,084, 351-.US:;5,-135, 812 Ug.5;171,363, US 5, 279, 657. The wor ki ng principle
of these GPEMPEREPD §&r PABPELSI gnent

It is a further object to protect any metal layer against
corrosion the surface of which may have been damaged during a
direct embossing process.

These objects are soclved by the features of the independent
claims.

In particular they are solved by providing an inorganic sheet
for making pigments of a predetermined size, carrying at
least one symbol, wherein the sheet comprises at least two
superposed layers which are different in their physical
and/or chemical composition.



f lakes is based on a sequence of planar thin layers which are parallel to

each other with different optical characteristics. The hue, the Z@&lANr2003

shift and chrona of the pignent 2 9 JAN 2003 _ . WD 00/ 08596 PCT/ EP99/ 05551
4 flakes VIRPYHE'Nn the materials constituting the |ayers, RCREBR®@SENCE

of the | ayers, the nunber of layers and the |ayer thickness. A sinple

I norgani ¢ sheet having a view ng ang+e3dependent variation of colour to

whi ch synbols can be applied and which can be conminuted to pignent flakes

of a predeterm nable size, consists of two glanar partlak%y reflecting,

i e. semi RECRYE dmde ol Ingraanithiieere arBstaRelaY 9L parklake to
each ot heriignd i, arm separcsmeRY of |ayes OhvéntDunr&ly a&}tpé/@ admdex

t I . e 2. .The | f t d t ft
dosor | bed TS R o (35 AP HraRaAnE. FHheeS JEh D (FRRHEC 157 dite SRS 10
gazgg ;)SGTSIm_aF:heE@imrs;edDdra:}tem iamei pihecka s e rsddepaf eorh enlndmyga&nd’cn‘rteeftrs USd
semi I ot all.y an
parti al | yaFéef %élét(:%l ng %11 Prag g‘t%%e't% el&ﬁlé; Jaarfé)ﬁfn%eal\cl)éi)s ee‘%eéérl%elté} th
el ect r omageetrilc lsyséate phgrients facoorsiong umomme td)eiéijmnm‘m@ﬁan
Soni 11 caglg Tt QUYEAL A N e3n8tns Wity ROlALTa AN Wb (Gl OTR) and

the angl e dé éndent” “col our vari ation was |eved an i corporatlon of an
opaque tod@ﬁuﬁlﬁéDMe@f @@Ntﬁﬁﬁ4ﬂayéﬁ%WﬂQﬂ¢fnf%ﬂmﬁn@ﬁﬁhﬁﬁkﬂguﬁﬁ|k§&ﬂki

partial |y gef hagkiiag dfamrf%ermtts SARReS Wile ik Bl SMWERI] | Go¥f ructure,

havi ng the opaque totally reflecting layer with first and second surf aces
as a central layer. To achieve a symmetric nultilayer stack on the first

and secongngir fiﬁ@%gaﬁufch%h@%qw et aklast afve g doreay 1%yte|%|sn na3y e of a
dielectric n%ter al s de§%5|ted subseque thﬁ% sem -tra parent partlally
t

refl ect i ngFPRRAERaydPE APETARERI eBYo Ao P Tof IOt (4RE UES f°F | ayers.
The m ni neppliging shimetfilmsst suchuae maeudmnﬁwapardummW§;ﬂﬁﬂM&m&r an

aSyet 11 6aBhAEK48RRL0E BROdUGEN 351 Ve hLod LTI LeR ] Buers

consi sting one paque ,-one 'dirélectric Iayer and
one part|uEItypref:legsE»Smgapadesarnpeﬁr’aﬁsm temamg:ﬂ%,yém Ullyaond®/ 08596 ., -

5 29 J%EQQ%BQEEEF’%%' Qﬁéﬁéti?ﬁsloea%&stt%ﬁ' |84 #18 lRGRI1BG |%)6qllmﬁ,
i ckness

usually ma tal and preferab % consi st's of alum nium’in
of up to %6®nﬁ?gﬁu§7prgﬁ€ﬁéﬂl§hFﬁl€he PARGE G SETMM0Onm Gol d, copper and
silver are applicable as alternative netals.

A preferred embodiment of the present invention is an inor-
ganic sheet having a viewing angle dependent variation of
colour and carrying symbols for making pigments.

Pigment flakes having viewing angle dependent variation of
colour are wellknown. They are of particular interest for the
incorporation into printing inks for security documents.
Since the angle-dependent colour variation is not reproducib-~
le by photocopying machines, these pigment flakes provide the
document with a strong security feature. The pigment flakes,
their production and various applications have been already
described in numerous patents, e.g. US 4,434,010, US
5,059,245, vus 5,084,351, Us 5,135,812, uUS 5,171,363, US
5,279,657.

The working principle of these optically variable pigment
flakes is based on a sequence of planar thin layers which are
parallel to each other with different optical characteris-
tics. The hue, the colour shift and chroma of the pigment



The dielectric material nmust be transparent, with a refractive index not

hi gher than 1.65. Usually SiQ2 or MyF2 are deposited as a dielectrigg jAN 703
t hi ckness between 300 and 500nm The partially reflecting sen-transparent

| ayer or | ay¥Pd0@EsP6consi st of a netal, a netal -oxide or a nerargEsed(skilde
This can be al um nium nickel, Inocel,chromum Ms2 Fe2Q3 etc

Sem -transparency of netal |ayers is.a4unction of the |ayer thickness.
Usual ly the thickness of the sem -conductor |ayer is between 5 and 20nm
The partially reflecting sem -transparent |ayer or |ayers_may consist of a
netal a nefapkesi dependh arettie NALSH1ads TRNStddNtRBIaLhRi ARYRE A ckBP

| nocel chrgahyghcdb§2 ti203yeslsC. tB@NhulbersRar albeot EBHakhkay@yeris a
function of fhe |ayer thicknéss Usually the thickness of the

sem - t r anspRi€hPeFHe i norgani c sheet having vi ewi ng angl e dependent
variation of colour is preferably produced on a supporting material, such
as a erxi%Ie.meP of, er%, PET. .In t%e majority of the c§sea a firs%
semi - t r anspar EARLF ay BPESR A Ep SECFEI PEN PR 2 Ve BPE GRBICAFERPOASHE ng
deposi t ed abtistbseqoénicdlayer $o whéchubymbbdgerced beatpplied drtiavhichfrom
the flexib [ pi Ly.Db I nt0_S j i rregul ar
shape and é?%gngﬁgééggigggskﬁegggngfu??%g%sg?Fnaing§%pggﬁ?§e§i?he
desired pighedt ¢oagdstiszef tuot pBlRBarer PesAirAdYcHRPLEFTibgs 4nd.

particul ar riafy i o] Ko 0oL,at .an - kAt i,a _

al ready deé%??b%g%h%gaﬁgﬁﬁé &ﬁ%@% %gggig 3?%&?n8k5n3?2§5§n2§%§%¥ %%f?? of
col our proveHet@oraebneshgirt Bnd whishganft FepapgtedabYire. Lanes of a low

anti - Count%fféééwef ¢albkemheekyhl NEl genhansesk YgraPPIrMENgoRY FRELECON at
| east one of the | ayers. Mreover such™pignent flakés, can serve as data

carriers. theesipgeksmateriglnRdten AF feaStribre 8F ¢Hel?al®tS of the 2 9
JAN 2003 Vhat2 P4 DB5961s &ypBCOEERIGHBRESTLERS! GRIEY Shopasey enloral
change o tical . .properties refer reflectivity. S_ILS.achieved by
ot east AbTEreEREr BEipsReaP ¥e%) BaeteoRetrayey PYiRd hSat Sl inber o
synbol s mu3{43®, Thesen such as to allow a proper identification of the
inscription after breaking up and grinding to the desired pignent f |ake
size. In a first requirenent the synbols nust not extend over too man

pi gment f I Hk@stenme SoRporE2RFRAFRRE er BERYSBRTENET P GO ELY @@%n1and
even ][r_or e pdef LA BDy yreflacsing bgnwena&e-te_igtﬂm %iqht hﬁlac@mTﬁ?(ismlé hi s
specification, size neans the approxinate th of synpols. [ e range
Tes it n TS Ghehbe; FIRELEPDROnGR Erebett bl anes TR 9RORE S0 40
arm but noto gpleaiter700mm.100 um However, the flakes can be ground down to
sizes of 2 to 5 umw thout destroying their colour characteristics. As a
second requirenent, a sufficient anount of the total nunber of pignent

fl akes has?tvlankficantyppprovement gehth srespeet nt? the Cekanr 1Sakixat - % of

the total wedOhicifoRhYMBAE thé! 8KE§Se PEESEREhD SOLIWK FLIDPSidA Afashoul d
carry a synho n,qrder t-

oY Sl L it L2 ALl S5 S Bkl SELert o o en, 10 of
of the pi guiteirt Ydyee adneoreheabtackyofredbelettiighindrpatteidaibyn m croscopy.
angl o depaiirRis cFayas B hER fonrteb 8P DR Hipinde IR ARM 21 1O
pi gnent s, hdving arheaspagne totaklyoreflecting biyemheridsifixst vdndin the
Pnscri ped TR bt ihndedh bhce cOPREELL, RRvabeT fo SLifd B m Al iR 1he

m cr oscopdmiktigayerushprl ennphe firsheandcapcerdrigriFcemt ddhe properties

consi sts Qpayddc@dtaedyctiPle®fing layer a thin layer of a dielectric
material is deposited; subsequently, semi-transparent, par-

tially reflecting thin layers are applied on top of both of
the dielectric layers. The minimum for a symmetric structure
are thus five layers. However, an asymmetric stack can be
produced as well, with a minimum of three layers comnsisting
of one opagque totally reflecting layer, one dielectric layer
and one partially reflecting partially transmitting layer.



reflectivity or a change of colour of the layer. The pignent 2 9 JAN 2003
WO 00/ 0859b PCTLC. P99I1 05551 fl akes can be produced in any col our, ethFr N 2003
to match with the col our of the coatlng conp05|t|on of printing i nk oz 7%
contrast w tWO00/083%6ar| |ustre pignents, for exanple, may everChEP99/05551
incorporated into transparent inks wthout adversely affecting their
transparency. This is due to the smald s:mount of pignent flakes necessary

to all ow marking, detection and reading. The smallest amount of pignent

fl akes pOSSIb|e is about 1 weight%of the total weight_of a coating
conp05|t|oﬁ 8r OPAANE HGTRAkY NﬁféeFﬁ&ﬁgoﬁéygynh%lu%%ﬁl%ﬁ Bppei ef %o t he

pignent flgkes: bRdapRegketbed eshedishBNbfohlbhenimmenhi @nthi BRnSYSDOF
consi sts of a seguence f al ric . characters an /0@ Iog @nand/or
rm

digital i n¥Br kAt ABANMs, PHEAPEBLGEABLY i) BRE LSERSE o° M orCP b

final usercopperpkadesallvernatachpptichbien@sudbicémiabyveaneépvdloumber etc.
The synbols can particularly easily be applied by at |east partial ablation
of a layer by a short wavel ength, high power |aser having a wavel ength not
| onger thaﬂhQdeeianﬂrﬁcemetabiglnmUStohgetramspaneﬁkanimhparréfxaeﬁ, a W

exci er | aseyo Ok n RN Ya0n L Aes LAl 9N6RONGLua P Sefh TRde ot Uged, and the

synbol s ar punc shot onto he sur y neans
of a prole@ePOﬁlhaékaand dbﬁgegbbhdvngno@tth%ckHESQHbQﬁﬂﬁQn %famm to 3
cn2 can begggiked per shot, and up to 400 shots per second can be fired
with current nodels of such excinmer |lasers. Alternatively, a continuous
wave (CW |aser, coupled to a processor controlled deflecting unit of known

t echnol Ogyrhéoyégt%w?eﬂeﬂ)eé@ﬁ%' Beni bersydptenontH dh e ab’ﬁfer%”ﬂa%p
The inscriptiop process is, however, nore tine consunlng t han t'he punchlng

oper at i on,CRRRRFRdAE i BEEHF o RICPE AL PRI OF & TR %]a'sff‘-}lspl‘akqﬁ evidds 2 9
~ar ~h2003 d&f)l&@é%ﬁ?ﬁlnl@n,_ rPIB'lI:eEPQ%@&é@Jlethx&ﬂmdm Waatﬂf ; 2engblmsb, @g@eci ally
in the UWV,_.laser_abl ation_ wo ect_br.ea of, chem nds. In
st caseSIREbrEREER ey Mk el [Eir O L0 S Whle LTS ond i,

rat her tharhickhessi ngvsmlbmbslw atkichknesspo dtheors amimteraatapasentThi s adds
an advant ép i@ebgﬁ&ggg Of ddher prgsent invention: the substrate is not

exposed to excessi ve
The inorganic sheet having viewing angle dependent variation
of colour is preferably produced on a supporting material,
such as a flexible web of e.g. PET. 1In the majority of the
cases a first semi-transparent layer is deposited on the
flexible web. After having deposited all subsequent layers,
the multi-layered coating is detached from the flexible web
whereby it typically breaks into small pieces of irregular
shape and size. These pieces require further grinding to
achieve the desired pigment flake size, suitable for coating
composiitons and particularly printing inks or for incor-
poration into bulk material.

As already described, pigments which have a viewing angle
dependent shift of colour provide documents with a strong
anti-copy feature. This anti-counterfeiting feature is fur-~
ther enhanced by applying symbols on at least one of the
layers. Moreover such pigment flakes can serve as data car-
riers.

The symbols are formed on at least one of the layers of the



According to the present invention, synbols are applied to at |east one of
the layers of the inorganic sheet. This can be the two outer surfaceszeqof N9
the outer |ayers of the sheet or even one of the inner surfaces. At | ay{ 003
one synbol %A 0pessappl i ed during the manufacture of the sheetpci/privhess:
context of this specification inner surfaces are formed within the stack at
the interface between two adj acent laygers which are different in their
physi cal or chem cal characteristics. The outer surface is either the
interface between one of the two last layers in the stack and the
surroundi nfnoeginihe cshedte hinteerifcasd. Isdangen athentisial ayeepenvies), a
function w t : j al t i;cal jsiicC i nt
fl ake, e. \éﬁfégf)%%%ﬁf}gnltd&fc%%ﬁaﬁ%gﬁd Tesﬁlgaigf aﬁgl\t/lﬁl\géang{yesié o%eé%:ﬁ l}gaﬂu%:&fi on.
The dept h dEstrectigm Rl atad FEta®st ddYST-e. linmited to the thickness of
one | ayer. However, an extension to the underlying layer is also possible.

The synbol can be directly applied to_the material prior to depositing the
next |ayerThg $igerand Aﬂ@?‘ﬁroﬁ’él ISymbRed Ss FNSE Pear S etppivell 3% ¥re than

one of theylpyers. pldpdreadedf iffaicEtiont be shebdlisdipeats HftdAseak-

radi ation,, synbol s can 'b%é%%pl i ed by ot her .nmeans %\Lﬁ% as by enbossi n%eor
printing. % B rahIEd odi9 | deRiZers PAdH ]b"\j(eer%’o?sesi ngtt

flexi bl e wehrsthesgiihensmterrina symbddposiised not eyt emeb ovdre e asand
synbol s are transferred tq,the first an t, layers.., But _as a matter
of fact tHE R c@%ﬁeﬁ'hg’hﬁaégﬁo\%sl Frgei’#g\%gﬁé%g % r?gfyrﬁ)rsel?eafee%%”eaﬁne
super posed, 5 W2 Qi G8sO@vengmore prafAPFaPlgs3 ofCH ERIS (ui5iecthel syriiflol nmay
al so be creat l.exi hlece f: ANy it hni que
el udi ng A crid phhEoR et 8 SAa PPelEr Ity iR A S " e
symbol s oraRpRaRimatexiwidshwel, syREoLE: st ThajeFlgre eRaIAIRILY ayidhedhet ack
deposi t ed ghafaan Make Hhee! evRiet,obnt BPesXBRQ! S sCRvRE DY thRy WP ynd N a
further, alternative nethod, it is conceivable tﬁgform i nvi si bl e syn#ol S,

i . e. symbd4t BRtcrestesnitiape 190sHR | BRWCBGTnedhe dilakeSH&EmaPet ect i ng
devi ce. SyHmird cwwmalksostansi 8f 2nte bopal wilkange destlresiir thwEgnetic ox
el ectromagneti c properties..lLt is possible to apply further layers (i.e.
for prot e%ﬁe‘loqﬂr tc(glatrﬁé: Eﬁégle%]st'er form ng the synbols or to the particles
after grinding. Provided the additional layers will not prevent the
informati o fJ WORRING eLBEELRYAE, ZNSuPEIERBhL! LAKGRLCYE WHY e Thol

according to _the present” I nyention nmay be incorporated_into any type of
coating cEWRRExR ¢n pigieRtnatekrsl hagnBOpFeFEYall FYMROS «pr iAR ihgeneral | ¢
articles cgeateethe?d lie®pr tAafd1Wvklightuch efcehei Agtal wak ghaTREsidiigtienar e
anal yzed \rgfdt%an&?p%ro riate analgyzi)n glze:vlce, 'bt 2_ gossi ble to,read_the
Synbol s and-aks s BLAPEPE tReaPntBENEPRERSTHPE PEOBLReERRRY, 4, SEFEEL 6P
mar ki ng amddman henildawi en e&spanakdnguisk débgatipnetnd ocreddimgded gbeds.
The i nfor matd g Jappesented by the synmbols applied to the pigment f |akes

can al so be automatically retrieved for the purpose of achieving machine
readability of security docunents. An article carrying such a coating or

the coati MheASyaibellsCanibR apal ¥ppUiby tBansast aHeab@ ¥HNQ ag@¥sCefs such
as a mcroscope in thg cEse of Iocal f)fed}éi“ sible n@ril,ngs. Any _of the known
printing tOGhMIGMERE Lhekeadrf 5Garable| RYJraphi 0F dipdE on &leELEPBss or
screen prmilorgcdpy.be applied in connection with ink containing pignents
according to the present invention which will be described in detail 29

JAPJ 2003 WD 001 08596
The optical properties, in particular of the pigment flakes

—
-

showing viewing angle dependent colour variation but also of
other lustre or effect pigments, allow an easy and quick
localization of the position within the bulk material, coat-
ing or ink composition where to retrieve and read the
inscribed information. The detection with any type of common
light microscope is particularly simple if the local change
of optical properties consists of a local reduction of
reflectivity or a change of colour of the layer. The pigment



- 10 PCT/EP99/ 05551 in the foll ow ng enbodi nents and with reference to the
acconpanying drawi ngs in which: Figure | is an enlarged cross-sectiona§ JAN 2003
vi ew of the | i c sheet carrying a synbol according to the present

i nvention aswgﬁg%&li n Fig. 8b, Figure 2 represents a cr oss-se’é??p/’é??a?fas'\;ﬁilew

of an inorganic sheet having a view ng_angl e dependent col our variation and
carrying synbols, Figure 3 is another Al Ternative exanpl e for an inorganic
sheet of Figure 2, Figure 4a and 4b show an enl arged vi ew of one of the

| ayer surfgg%ﬁeg%gxyi&g Prdhsdad 11y oy Vohols, ELgHER BolRaBcRChEMmptiC

view of a substrate bearing a coating according to the present invention,
Figure 6 it5harc@iu @l Mt ite RIS H B Of i BIFRE P IHBkrer 7t9s a

Cross sectigpetdgougiranienl arged view of flexi ble web bearing a synbol and
having a first |ayer deposited thereon, Figure 8a is a schematic view of a
plurality of pignent flakes made fromthe sheet shown in Fig. 8b according

to the preseatl i nusrd Qilgmeitk & e Hangllons mday | eosgae cisdesiotated/i Ny
synbol s. Figgre 1 shows an ] orﬂ?qﬁg&gﬂee 1£)§Hior %o_grinduﬁg.to pi gnent
flakes |15 tHFQ. CELHERAKHR S W SN % $E 1Y e PIHE carrying a
synbol 20 oransmamartey. hisce et &hsecoml 1 agreourit? wf thi gmemut er
surface 13ff§lgesa'}1éc@ée§ary W %%l%%?ﬂ%fki:{’ljg, AL @&€1 it and reading. The
smallest amount of pigment flakes possible is about 1 weight-
$ of the total weight of a coating composition or printing

ink.

More than one symbol can be applied to the pigment flakes. In
a preferred embodiment of the invention, the symbol consists
of a sequence of alphanumeric characters and/or logos and/or
digital information. Such a seguence may be used to inform
e.g. on the final user, the place of manufacture, the manu-
facturing serial number etc.

The symbols can particularly easily be applied by at least
partial ablation of a layer by a short wavelength, high power
laser having a wavelength not longer than 12 ym and preferab-
ly not longer than 1.5 um. In particular, a UV excimer laser
or a Nd-Yag laser in high power, pulsed mode is used, and the
symbols are "punched" shot by shot onto the surface of the
layer by means of a projection mask and corresponding optics.
A surface area of up to 3 cm? can be marked per shot, and up
to 400 shots per second can be fired with current models of

such excimer lasers.

Alternatively, a continuous wave (CW) laser, coupled to a
processor controlled deflecting unit of known technology,
could be used to inscribe the symbols onto the layer surface.
The inscription process is, however, more time consuming than
the punching operation, and industrial production speeds are
not easily achieved.



Z s ~a~ zoos PCTI CP99105551 Figure 2 shows a cross-section through an

i norgani ¢ sheet conprising a dielectric layer 23 with a first surf ‘929
and a second surface 28. Deposited on both the first and second surface 933
29 of the di%P&P$PE |ayer is a layer of a senitransparent paRGI/ERIOPSSS]
reflecting layer 21. The first and second surfaces 28, 29 are

si mul t aneously inner surfaces 14 of thé mufti-layered stack 18. A plurality
of synbols 20 is applied on the outer surface 13 of the outer layer 21 and

the i f t 21. Fi h hemat i cal |
o et hod OFE s BaFFrieEFREBES on SoBRELAITY SBcbra it beere SriseE
i nventi on.wénks noy gdhrecsheetak@nigs of orhrediocalabbhési bl Bn websd Scagespri si ng
f t I I 2 | ect
2 Lot PALAL UG LEL| BELLARC! B4k, oRT5PEGH) BF he UEDd%, lalpct i ©
| ayer 22 wiabhér rthaandnséegndnguthacegb§26ate) toaeff@p@mlm etempeara- | ayer

23 and a é‘«_? agim refl sa&gﬂga{;@y% %ljre M%{ﬁ%&p@f'%ﬁe[p%fé's

i norganic orne on a symetric ers
(20nm 21 lm@ﬁmt%qme whe EBbSbEaFeohﬁ)nQQ expreed4bo ¢#9e5§avethaa} nn) 21.
Synbol s 20 were created on the inorganic sheet 10 by neans of a "Lanbda
Phsyics" RrF excimer |aser 30 at 248 nm This |aser can deliver pul se

ener gi es SRR che WhenPEaFSRtr ARERN PR 0 AVBPRES SANARRLIRY Wy @t
" punched” 1éas>c tdyee Obit e¢hEULEPELs 18£ Of hé hﬁlé@@éhﬁé'é’hé@ﬁ | ecti i dady @e 21 oOf

the inorgani c sheet 10, usi sin aser, shots o Thi s energy
is suffici T BiLeE ‘ﬂ’lﬁggﬁ gt J&%‘?o‘?ﬁ‘iﬁﬁl ?%?r%f’fors%?on%? S0%F 5,4
armin heieghdn vare qnérﬂeetixyneeasla:bfaacemdemt hee ais € raxse cpyanbdll gamebeda and

mor gani ¢ R gt RE et BERSHTEY 1of AL SR S Rer) pbol obss1

synbols 20 in 4a are 11.4 umhigh; in 4b they are 5.4 umhigh. Figure 5

shows a sufstynd ecc?i&m CclS'f'@hf@V%é‘tglpi’ca%m{"tiﬂgelors&rf'arl‘tésn%x‘enk 16
conpri sing. pignent, fl akes 15. The ‘'section he substrate 25 shown in

figure 5 i %‘Fﬁ%r"ﬁeﬂq% he . Btaghedt th%n’tn?q%@%%e REEHEaM SN AGIRGEBE | nk
layer 16 hamer@ptioadi yaﬁ@rdﬁbfer@m@pmtﬂre&r Thtey SUPE! foat @hdmieanr yi ng such

a coati ng ¢ rinted ima nprisin nment. f1l 1 can bserved
under a m% %p A 2 ’e ?rb%‘f%eﬁ%@ra% e Jl*sea%ll"kt (?nd‘é‘%terrg €6n of
pi gnent f lkekoeeetb ond lofietlre niwve ldaet dogress afn cﬁ!&erﬂg@kofandt héesshstrat e.

The, bl gMeRod s neu A ool MBeL£ 0 HehRey Mhd Fele Yoyl TyIN0 29

symbol s 2 | CPA" as manuf act urer entlfi catl on;, "1997" to

i dentify twyipsar FunaimAaciieh iegawd tedhe eﬁsP%FJJadt oRisarl, charac-

Statisticaldpistakl cpformieet;elgxﬁérm netdie, W.ld. e xir aindeéhrbmd , Cahliakn
nunber of p nent flakes even i e flakes contain onIy part of an

i ndi vi dualt &avz'ld’g iy epr'f’%%%v%rgué}ﬁq&rodbd view of a flexible web 19

beari ng a synbol 20 produced by mcro erTbOSSI ng or mcro- prl nting.

Deposi t ed er i fals th 0,iLn
i nverse \/\/a'II);Jé E%g)lr}rhe%g: ts}tl%\/\%syréab%p;]l ty 0 %et ment gl aé ’fg%oﬁf’altﬁSd by
det achi ng tdwig¢kgeissdiafy anre JiarKﬁIg-anlliPVﬁV@é"t B ¢fxtengdoa 89 tbet heddesired

particle 3ivaeq Thedd grendidd ?&%lméﬂa%ea s 1S UGh b@at dE.Q@EtE?”

conprise a minber of nbol S typically to 15 synb 9" JAN 2003
applied to t e materlal 1or to depos1t1ng the next layer or
layers. Additionally the symbol can be applied to more than

one of the layers.

Instead of forming the symbols by means of laser radiation,
symbols can be applied by other means such as by embossing or
printing. In a preferred embodiment, this is achieved by
embossing the flexible web. When the material is deposited on
the web, the embossed symbols are transferred to the first
and subsequent layers. But as a matter of fact the surface of
the layers will be levelled the more layers are superposed.



-13 Cdains 1. Inorganic sheet(10) for nmaking pignents of a predeterm nable
size carrying one or nore synbols (20) characterized in that the sheet is
grindabl e and conprises at |east two superposed |ayers (11, 12) havi dd JAN 2003
di fferent ch&t® UP88npositions and/ or physical properties. 2POIRRYeEIHL
sheet (1l o) according to claim 1l having a view ng angl e dependent shift of

col our and conprising a stack of at |ea%t-one |ayer of a low refractive

i ndex material (23), said |layer having first (28) and second surfaces (29)

and at | east one senj-transparent art| flecting.l ayer (21) on each
of the surfA@esSYLbopapratsr lP% e«fL C}/Ii‘/ee}} yféﬁ’e "%’i) ¥’§ (tﬁ' M§ARcC
sheet (10) oaccaiyidebdoioisn oéeém@dealmcﬂuﬁn@ nlaicagirdmitded .i n that one
or nore synbols (20) are fornmed by a Local change of optical properties,

preferably reflectivity in at |east one layer. 4. Inorganic sheet (10)
accor di ng trmciy;@nﬁert*@eyod)ﬁiurse IndtthdH aleedicierdppdd ithet Isgzlml:mﬂe onhtobor e

synbols(z are for b ar.t i tr ct nof a gne i

| ayer. q%’(?rgfi‘rﬁ kgﬁ*ﬂee‘fé&('l (Bhea%sgi fgorgo e cI la&grf% t%%a R
char act er | degasi tHehtitloeear hroree ﬁwbrdxsez(@)ofartélef tsrynbdllsy catrrliedsby
parti al Lﬁé %cr eated by a short wavel ength laser in a wavel ength range
not to excee 2 9 JAN 2003 -14 6. Inorganic sheet (10) having a
vi ewi ng angl e dependent shift of colour carrying one or nore synbols (20),

sai d sheet ronpr éxg)f&e?rstmeﬁfaﬁvé Er‘r%'ftthdli‘e ItayLer c%celkzameeftbe%kme

i ndex mater1 al sal d [ ayer havi n?% irst and second surfaces (29)

and at Ieaé—PVé-ﬁébsl@mPt}fTEF?fslpﬁar éinte p LR LSy WrrE“ftheEF‘innSnllé{yQF v2gpadhzedch of
the surfacey méBn=LYf o slﬂ&laqwdéfefoaa(itrig\/eielv&)é@r (23mband whareiBosai d one

or nore synbo 20Q) ar forrre by at artial ablation created by a
short waveFé’ﬁ‘thﬁ(tl ager? | ’é{?g °r€ reg‘r?ﬁé:pﬂ'&' g‘?@@?%ﬁﬁgof. §i %‘?O"

| norgani c mla@atet(ﬂ:())pzamuilasg t(ItOf]EB plostdidlel abmepplyofGrehapr lsyagsa
stack of at .l eas refl i y LLh and
second sur ac%s %E%n%%?e%s%;oéﬂ he re %ec%gﬁlegl g%ﬁﬁév%é a&h%éﬁed a
| ayer of aorroWOr@mm@amql@@eﬁfmremralnd(lM) oﬁratflﬁ@dsthgné éitm@al

surfaces (2@yezé) willy IRASHRRRNY 3R dnlfR¥eftieh kgwséaagt bueriBye4i al
(23) being superpose by one sem -transparent partially reflecting | ayer

(21). 8. Inorganic sheet (10) according to one of the clains 1 to 7
characteri red pigieait dlakes raaarxeyiya@oel Sy@%)l aceofalnedtbythebpsssagt

t f t t | t f .the | h 10
acoor i ng. CBVERELOR AR &Pa i OL PS5 Soh AT I0! S1Y 2 BUPF O hape 5P caePP e
synbol (20pitsoon bhdloumatersalf,aead pIpfefrabiy mute_rpray’enn(glmkaz,lle)
10. '”OrgaQ!rglé'i‘é%t cQ:]aOC)e %‘iorﬁ%:’}antt%dogﬁt? ght!ﬁ Qlébg‘éifrgt 8r%ink

char act eri hat at 1 east One s Is on at ast one of the
i nner sur f GEBROE LA OFF atl}ﬁeaﬁéllﬁleeﬁlyé’ﬂéa §Iﬁ‘eéPP€?LB¥late analyzing

devxce, it is p0551ble to read the symbols and to retrieve
the information. This is especially useful for marking and
authentication of bank notes, cheques, etc. or branded goods.

The information represented by the symbols applied to the
pigment flakes can also be automatically retrieved for the
purpose of achieving machine readability of security docu-
ments. An article carrying such a coating or the coating as
such can be analyzed by means of an analyzing device, such as
a microscope in the case of localised visible markings.

Any of the known printing techniques, such as gravure,

flexographic, offset, letterpress or screen printing may be
applied in connection with ink containing pigments according
to the present invention which will be described in detail



2 9 JAN 200 -Is 11. Inorganic sheet (10) according to one of the clains 1
to 10 characterized in that at |east one synbol (20) is on at |east2gngNafii3
t he i nner SUé/f a@@g %14) of the multilayered stack and on the outer surfaces
(13) of the Ré 5(9 0) . 12. Inorganic sheet (10) accordi ng t BCHEBIWNASSTIhe
precedi ng clains characterized in that the synbol (20) has a size of
between 0.5 to 20 um and preferably ofl& size of between 1 to 10 um 13. A
met hod of maki ng i norganic pignments (15) carrying atl eastone synbol (20)

conpri sing.the, st f - proyj di lti-] ayere I at | easttwo
super posedlpagggs%gj'},%wfgﬁ; E%Q%B?g?‘%%ggt5+%a§¥t%nge§€§§‘té?é(%) ggﬁ él?c?lgést
oneof the panfangsdtavdngsldn)wbichhe layers ( 11, 12 ) ;-grinding said
nmufti-layered sheet (10) to thedesired pignent flake (15) size with the

fl akesbeing in a range of D.5 to 100 umpreferably in arange of 5 to 40

uml4. A neFhgdréoi nakisngni enignged gropeniectisiatavi§vngt atheasnone

synbol (20) show ng a_view g d frl:b&- 0. C 15ing the
st eps of (a)providi ng g\ébﬁé"x?g?g@mg%n?ﬁ%?@(%;g ea%% n%c.:ggfngﬁ?-?ggg%d

i norgani ¢ sheet (10) phneapdtwehvenolomyasepPrrin by X+er et a

sem tran-sparent partially reflecting |ayer (21), a layerof a | ow
refractive_ index material (23), super-posed by an opaque_totally ref|ecting
| ayer (22)F£8Y¥8rfi ngTEPTERSR Soﬂecré‘iﬁﬁ)ﬁe‘(t?f)%’n ‘éfe"t’e%fsta%néﬁgr%%’ilﬂc
layers (21, 22, 23); (dhdetanhvhgg saivharting -driybs edbrsdreddnt 160 1dtiom

t hefl exi ble web (19); (Ie%grj&ndi n aid mufti- aéer];:‘d i norgani ¢ sheet (10)

2 9 JAN 2003 - Ib to Eh&*aeltr p(fwngfl ?%’) size being in the
range of 0.5 to 10D Vim 15. A nethod according to one of the clains 13 to
14 charactgr| Lpn that r Aed, . | east
partial ab Jéh&%% %:r ea?gdag€€%gfsh%ﬂ&v\%e enzet)ﬁ%%ls%rf?%% wavaé%l%%%‘f% range
not longer than 1.5 ugheet af Miguwre akcording to one of the clains 13 to 15
characterized in that one or nore synbols (20) are forned by

m cr o- enbossing transfer. 17. A nethod according to claim 16 characterized
in that on®l@#r®of@ symbols (20) are forned on the flexible web (19) prior
to depositan@ 4}!9(;8“ Lshowaa@rezgféﬁgedﬂrﬂ?fm yortyy off afiee ar&;ﬁ@ﬁim?rl%a)[wlés)r

m cro-printing. . Pignent_made rJd,ndi an_.inorgani ¢ sheet

according to one of tﬁ%rEYh’??rsa 1pf%m%2?tylé}‘g,§yé’bbaﬂgrfg conposi ti on,
preferably printing ink, conprising pignment flakes (15) according to one of
t he precedi L NB | A0t 1 of I i : _

wei ght of d%?‘gun]gén'?gs a%'%i %(rjlser and lo%t%l?ﬁalﬁ%ad#qi&y%ge %Oég?%bés?érﬁétte (25)
coated with a conposi #NPrRRAPWFNNFa Fhe FLaSENt 2RVERS i ty docunent
printed wth a printing ink according to claim 19.

A AU Aﬂ&@é“\ é/ ASiE'?\FéﬁA\fén Sér'%é %’i%@ Aél‘.l‘l:f 't'%‘l(e@s'u'%sﬁ\:Nrate of figqure 4,

Figure 7 is a cross section through an enlarged view of
flexible web bearing a symbol and having a first
layer deposited thereon,

Figure 8a is a schematic view of a plurality of pigment
flakes made from the sheet shown in Fig. 8b ac-
cording to the present invention, and

Figure 8b shows an inorganic sheet carrying symbols.

Figure 1 shows an inorganic sheet 10 prior to grinding to
pigment flakes 15 (Fig. 6 and 8). The sheet consists of a
first layer 11 carrying a symbol 20 on its outer surface 13
and a second layer 12 with an outer surface 13 and an inner
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| 5' 109&' ()EBI01e9& shows19oRenatigalbyga (jethod of creating symbols on

c1 K MG 109 g oG OS6 8 gt ORI O dor 08 W dogabf & ()
% u

10- u63" 10%1%%)1@'&@%9@@ on F§REiRE] WSRIbY RONBEIPARD A FELSE @
10% u& () -p rﬁhally reflecting la er 21, on the flexible web 19 a

ig 3r2ﬂPESZ§§;x %5: 6155?@&6%‘?(1‘?3/@%0@5]\2(@% (geclooxgg&u(z)f;{:&e%(y‘z(%Q() 28),
a totally reflecting layer 22 with first and second surfaces
(26,28), a further dielectric layer 23 and a second partially
reflecting layer 21.

More specifically an inorganic sheet was formed on a symmet-
ric PET-web 19, with layers of Cr (20nm) 21, MgF, (400 nm)
23, Al (60nm) 22, MgF, (400 nm) 23, Cr (20 nm) 21.

Symbols 20 were created on the inorganic sheet 10 by means of
a "Lambda Phsyics" KrxF excimer laser 30 at 248 nm. This
laser can deliver pulse energies to 550 mJ/cm? with pulse
rates up to 400 Hz. Symbols 20 were "punched"” into the outer
surface 13 of the partially reflecting layer 21 of the inor-
ganic sheet 10, using single laser shots of 200mJ/cm?. This
energy is sufficient to ablate the surface chromium layer 21.
Symbols 20 of 5,4 pum in height were perfectly readable under
the microscope.

Figures 4a and 4b show an enlarged section of the symbol
carrying surfaces (13, 14) of the inorganic sheet 10. The
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Figure 5 shows a substrate 25 which is covered by a coating

or printing ink 16 comprising pigment flakes 15. The section
A of the substrate 25 shown in figure 5 is enlarged in Fig.6.
The pigment flakes 15 in the coating or ink layer 16 have
optically variable properties. The substrate 25 carrying such
a coating or printed image comprising pigment flakes 15 can
be observed under a microscope and the symbols 20 can be
read. The concentration of pigment flakes 15 will determine
the degree of coverage of the substrate. The pigment flakes
15 have been made from a sheet 10 (Fig. 3) carrying as sym-
bols 20 the imprint "SICPA" as manufacturer identification,
"1997" to identify the year of manufacturing and "1201" as a
lot number. Statistically, all complete information will be
contained in a certain number of pigment flakes even if some
of the flakes contain only part of an individual symbol 20.

Figure 7 shows an enlarged view of a flexible web 19 bearing
a symbol 20 produced by micro-embossing or micro-printing.
Deposited thereon is a first layer 11 which bears the symbol

20 in an inverse way.

Figure 8a shows a plurality of pigment flakes 15 obtained by
detaching and grinding the inorganic sheet 10 of figure 8b to
the desired particle size. The pigment flakes 15 have a size
such that they can comprise a number of symbols 20, typically
2 to 15 symbols.
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Claims

1. Inorganic sheet(10) for making pigments of a predeter-
minable size carrying one or more symbols (20) charac-
terized in that the sheet is grindable and comprises at
least two superposed layers (11, 12) having different
chemical compositions and/or physical properties.

2. Inorganic sheet (10) according to claim 1 having a vie-
wing angle dependent shift of colour and comprising a
stack of at least one layer of a low refractive index
material (23), said layer having first (28) and second
surfaces (29) and at least one semi-transparent partial-
ly reflecting layer (21) on each of the surfaces (28,29)
of the low refractive layer (23).

3. Inorganic sheet (10) according to one of the claims 1 or
2 characterized in that one or more symbols (20) are
formed by a local change of optical properties, prefera-
bly reflectivity in at least one layer.

4. 1Inorganic sheet (10) according to one of the claims 1 to
3 characterized in that one or more symbols (20) are
formed by at least partial destruction of at least one

i
layer.

5. Inorganic sheet (10) according to one of the claims 1 to
4 characterized in that one or more symbols (20) are
formed by at least partial ablation created by a short
wavelength laser in a wavelength range not to exceed 1.5

pm.
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sheet comprises a stack of at least one layer of a low
reflective index material (23), said layer having first
(28) and second surfaces (29) and at least one semi-
transparent partially reflecting layer (21) on each of
the surfaces (28, 29) of the low refractive layer (23)
and wherein said one or more symbols (20) are formed by
at least partial ablation created by a short wavelength
laser in a wavelength range not exceeding 1.5um.

7. Inorganic sheet (10) according to one of the claims 1 to
6 comprising a stack of at least one opaque totally
reflecting layer (22) with first and second surfaces
(26, 27), said totally reflecting layer having deposited
a layer of a low refractive index material (23) on at
least one of the surfaces (26, 27), at least one of said
layers of low refractive material (23) being superposed
by one semi-transparent partially reflecting layer (21).

8. Inorganic sheet (10) according to one of the claims 1 to
7 characterized in that one or more symbols (20) are
formed by embossing transfer to at least one of the
layers (11, 12).

9. Inorganic sheet (10) according to one of the claims 1 to
!
8 characterized in that at least one symbol (20) is on
the outer surface (13) of the outer layer (11, 12, 21).

10. Inorganic sheet (10) according to one of the claims 1 to
9 characterized in that at least one symbol (20) is on
at least one of the inner surfaces (14) of the multi-
layered sheet (10).
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12. Inorganic sheet (10) according to one of the preceding
claims characterized in that the symbol (20) has a size
of between 0.5 to 20 um and preferably of a size of bet-
ween 1 to 10 um.

13. A method of making inorganic pigments (15) carrying at

least one symbol (20) comprising the steps of

- providing a multi-layered sheet (10) of at least
two superposed layers (11, 12);

- applying at least one symbol (20) on at least one
of the surfaces (13, 14) of the layers (11, 12);

- grinding said multi-layered sheet (10) to the
desired pigment flake (15) size with the flakes
being in a range of 0.5 to 100 um, preferably in a
range of 5 to 40 um,

14. A method for making inorganic pigments (15) carrying at
least one symbol (20) showing a viewing angle dependent
shift of colour comprising the steps of
(a) providing a flexible web (19);

(b) creating a multi-layered inorganic sheet (10) on
said web (19) by depositing thereon a semi-tran-
sparent partially reflecting layer (21), a layer
of a low refractive index material (23), supex-
posed by an opagque totally reflecting layer (22);

(c) forming at least one symbol (20) on at least one
of said layers (21, 22, 23);

(d) detaching said multi-layered sheet (10) from the
flexible web (19);

(e) grinding said multi-layered inorganic sheet (10)
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laser in a wavelength range not longer than 1.5 pm.

16. A method according to one of the claims 13 to 15 charac-
terized in that one or more symbols (20) are formed by
micro-embossing transfer.

17. A method according to claim 16 characterized in that one
or more symbols (20) are formed on the flexible web (19)
prior to depositing the first layer (21), preferably by
micro-embossing and/or micro-printing.

18. Pigment made by grinding an inorganic sheet (10) accord-
ing to one of the claims 1 to 12,

19. A coating composition, preferably printing ink, com-
prising pigment flakes (15) according to one of the
preceding claims in an amount of at least 1 weight-% of
the total weight of pigments, a binder and optionally
additives.

20. A substrate (25) coated with a composition according to
claim 19.

21. A security document printed with a printing ink accor-
ding to claim 19.



